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Abstract 
Chemical optical sensors for the two-dimensional imaging of three different analytes (O2, pH, CO2) have been 
integrated in microfluidic systems at up to three positions simultaneously by ultrasonic welding. The systems are a 
48 well titer plate and a diffusion channel. The channel and the holder for the sensor foils have been fabricated by 
ultrasonic hot embossing. The non-invasive fluorescence read-out was performed with the VisiSens TD imaging 
system. The selective sensing capability of the optodes in the microfluidic channel has been proven. Masters for 
ultrasonic hot embossing can be fabricated inexpensively in various formats. Typical cycle times for production are 
in the order of a few seconds which allows low-cost production even in low quantities. 
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1. Introduction 
There are many different types of commercially available and self-made microfluidic devices which vary in size, 
material and way of fabrication. Chemical optical sensors are ideally suited for the non-invasive analysis of 
metabolic parameters such as O2, pH and CO2 in microfluidic systems [1]. Prerequisite for a fluorescence read-out is 
a transparent chip material and the successful integration of the sensors into the channel while preserving the 
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sensing capability and the tightness of the microfluidic device. In principle, chemical optical sensors can be glued 
into a micro channel. However, gluing of many tiny sensor foils into micro channels may be time consuming, 
expensive, and hard to automate. 
Ultrasonic welding is a technique joining thermoplastic polymer parts without the need to dispense any additional 
substances. Successful integration of single sensors for one analyte in microfluidic channels has already been 
demonstrated [2]. In this paper, it is described how at each of three positions in a microfluidic channel system three 
chemical sensors have been mounted by ultrasonic welding. Besides this, in each well of a 48-well titer plate three 
sensors have been welded and recorded optically at the same time by a single camera. This way, it is possible 
recording metabolic activity in each of the wells approximately all 10 s. 
2. Fabrication 
Direct forces and temperatures occurring during ultrasonic welding may damage the sensor mechanically or 
affect its sensing capability. This was avoided by fabricating micro holders of various designs from polycarbonate 
by ultrasonic hot embossing [3] and welding them on top of the sensors (Fig. 1a-c). The circular holders are 10 mm, 
300 μm, and 400 μm in outer diameter, inner, and outer height, respectively. The different sensors consist of poly-
mer foils, 130 to 300 μm in thickness. They had been placed side by side in three holders and all three holders were 
ultrasonically welded simultaneously into a recess milled into a substrate plate from polycarbonate (Fig. 1a-c). Then, 
a milled microchannel from the same polymer, 800 μm and 1200 μm in inner and outer height, respectively, has 
been ultrasonically welded on top (Fig. 1d-f). Both welding processes were performed within 1.5 s and ultrasonic 
hot embossing of holder and microchannel were done in a cycle times of 2 and 3 s, respectively. A micro fluidic 
system including a diffusion channel and three sensor foils at each of three positions are shown in Fig. 2a. Besides 
this, a circular arrangement of three sensor foils inside of a single micro channel is shown in Fig. 2b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:  Fixation of sensor foils by ultrasonically welding of holders into a recess of a substrate plate (a - c) and welding a micro channel on 
top (d - f). Dimensions are not shown up to scale. 
 
An arrangement of the three sensors as shown in Fig. 2b was also welded into each of the 48 wells of a titer plate 
from polystyrene (PS) (cf. Fig. 4). To achieve this, an aluminum rod, 1.1 and 7 cm in diameter and length, respec-
tively, was employed as an anvil (cf. Fig. 2b). The holder with the three sensor foils was placed on top of the anvil 
and inserted into a well of the titer plate. A sonotrode applied pressure and ultrasonic vibrations through the bottom 
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of the titer plate melting the energy directors on the holder and welding it onto the bottom of the well as shown in 
Fig. 2c. It turned out being necessary to place a two 250 μm thick buffer foils from polyether ether ketone (PEEK) 
between titer plate and sonotrode avoiding breaking the uneven bottom of the wells. PEEK and PS are not ultra-
sonically welded to each other because their glass transition temperatures are too different. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 2:  Circular arrangement of three sensor foils in a micro channel (a), welding of sensor foils into a titer plate (b), and VisiSens TD mea-
surement system. 
 
 
 
Figure 3:  Microsystem with three sensing arias each including three chemical sensor foils (left) and obtained pseudo color image (right). 
3. Experiments 
Experiments were performed with the VisiSens TD measurement system from PreSens, Germany (Fig. 2c) which 
can visualize and quantify O2, pH and CO2 distributions across areas up to 30 x 25 cm² within one image. Four 
arrays of LEDs were employed exiting fluorescence of the three sensor foils, each at a different wavelength of the 
blue range of the visible light. The different sensor types were exited one after another and the corresponding 
fluorescence light was recorded with a single camera. The signals of the fluorescence light were displayed by a com-
puter code in pseudo colors as shown on the right of Fig. 3 for the micro fluidic system shown on the left of the 
figure. After calibration the respective R-values can be transferred to O2, pH and CO2 values for quantified studies. 
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Figure 4:  Titer plate with sensor foils in each well before filling (left) and pseudo color image obtained from that well (right). 
 
Table 1: Concentrations of O2 [% a.s.], pH, and CO2 [%] filled into the wells of the titer plate shown in Fig. 5. 
 1 2 3 4 5 6 7 8 
A 0, 6, 0 0, 8, 1 0, 5, 1 100, 7, 1 0, 7, 0 100, 5, 0 0, 8, 1 100, 7, 0 
B 100, 7, 2 10, 7, 0 80, 6, 2 100, 7, 1 10, 6, 1 80, 6, 0 0, 7, 1 0, 7, 0 
C 100, 7, 2 100, 6, 2 80, 7, 2 100, 5, 2 10, 7, 1 0, 5, 0 0, 8, 1 100, 7, 0 
D 80, 6, 3 100, 6, 3 100, 6, 3 100, 6, 2 100, 7, 1 80, 8, 10 80, 7, 1 100, 6, 1 
E 100, 6, 2 100, 7, 3 100, 6, 3 100, 7, 2 80, 6, 2 100, 7, 1 80, 7, 0 80, 7, 0 
F 100, 5, 2 100, 4, 2 100, 4, 2 0, 7, 0 0, 7, 0 0, 7, 0 20, 6, 0 20, 6, 0 
In the upper micro channel there was fed in water saturated with 100 % of atmospheric oxygen (21 vol. % in the 
air correspond to 100 % a.s.), pH 7, and no CO2. In the lower channel there was fed in 0 % O2 obtained by mixing 
with Na2SO3, pH 5, and 20 % CO2. pH was adjusted by buffer solutions and CO2 concentration by a bubbler. These 
liquids were fed into a micro channel and the third measurement chamber. As a consequence, the fluorescence 
image shown in Fig. 4b was obtained. 
In another experiment, aqueous solutions with the different compositions shown in Table 1were filled into the 
wells of the titer plate shown on the left of Fig. 4. As a result, Fig. 4 shows on the right the simultaneously recorded 
pseudo color images obtained from the 48 wells. 
4. Conclusions 
Ultrasonic welding is a suitable process for fixing chemical sensor foils both in micro fluidic systems and inside 
of the wells of titer plates. This way, sensor foils are not affected and automation of the joining process is possible. 
The reliability of micro fluidic components such as diffusion channels can be controlled by recording complete 
chips within one image. The metabolic activity can be observed in 48 wells simultaneously by recording pH and O2 
and CO2 concentrations with the VisiSens TD device. The technology allows for multiplexed imaging and high 
throughput screening. 
References 
[1] http://www.presens.de/products/brochures/category/imaging/brochure/visisens-td.html 
[2] T. Nieradzik, P. Maurer, D. Achatz, W.K. Schomburg, Ultraschallfertigung von Mikrokanälen aus Polymer für optische Analysen, Chem. Ing. 
Tech. 86 (2014) 1373, DOI: 10.1002/cite.201450135. 
[3] J. Sackmann, K. Burlage, C. Gerhardy, B. Memering, S. Liao, W.K. Schomburg, Review on ultrasonic fabrication of polymer micro devices, 
Ultrasonics 56 (2015) 189-200, DOI: 10.1016/j.ultras.2014.08.007. 
